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[57] ABSTRACT 

An image processing apparatus in which a multilevel 
image signal generated from an original image by a 
scanner is input and processed so as to produce multi- 
level image data describing a gray level of each pixel of 
an output image, includes a detection part for repeat- 
edly detecting a peak of a multilevel image signal gener- 
ated by a scanner and a valley thereof with respect to 
pixels of the original image aligned in a scanning direc- 
tion of the scanner, and for outputting the peak of the 
multilevel image signal and the valley thereof, and a 
correction part for corre cting a gray level of the multi- 
level image data wit h^respec tt o each of the pixels de- 
pending on a differencel)etween the p eak and the val- 
ley, so as to reduce changes in gray level of pixels of the 
output image. 

13 Claims, 9 Drawing Sheets 
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IMAGE PROCESSING APPARATUS FOR 
PREVENTING OCCURRENCE OF MOIRE IN 
OUTPUT IMAGE 

BACKGROUND OF THE INVENTION 

The present invention generally relates to an image 
processing apparatus, and more particularly to an image 
processing apparatus in which an undesired moire is 
prevented from occurring in an output image repro- 
duced from a screened halftone image such as a photo- 
graph. 

In digital copying machines or facsimile machines, a 
multilevel image signal is generated from an original 
image by a scanner having a CCD line sensor. The 
multilevel image signal is processed by an image proces- 
sor so as to produce a set of picture elements describing 
a gray level-of an output image to be copied, transmitted 
or received. When a multilevel image signal is gener- 
ated from a dot area of an original image, it is known 
that the moire is likely to occur in the output image due 
to interference between the sampling frequency of the 
CCD line sensor and the dot frequency of the dot area, 
thus degrading the image quality. The original image is 
a composite image in which a dot image and a line 
image coexist. The dot image refers to a photograph or 
the like which is described by dots, while the line image 
refers to a character or the like which is described by 
lines. 

As an example, FIG. 1 shows a case where a multi- 
level image signal is generated from a screened halftone 
area having a dot frequency of 133 1/1 (lines per inch) by 
a CCD line sensor having a sampling frequency of 400 
dpi (dots per inch). As shown in FIG. 1, due to the 
interference between the sampling frequency and the 
dot frequency, the amplitude of the multilevel image 
signal periodically changes in spite of a uniform dot 
density of the original image. 

FIG. 2 shows multilevel image data after a multilevel 
image signal generated from a screened halftone image 
of uniform dot density is processed through an MTF 
(modulation transfer function) correction. The multi- 
level image data represents a gray level of each pixel of 
a set of pixels aligned in the *nain scanning direction and 
in the sub scanning direction, and such a gray level is 
respectively indicated by a numeral within each parti- 
tion (showing a pixel) in FIG. 2. It is difficult to appreci- 
ate the presence of the moire when the multilevel image 
data of FIG. 2 is partially viewed. However, if the 
changes in the gray level corresponding to pixels 
aligned along a scanning line of the scanner are viewed, 
it is apparent that the amplitude of a multilevel image 
signal periodically changes. FIG. 3 shows changes in 
gray level of a multilevel image signal Din, generated 
by the scanner having the CCD line sensor, with re- 
spect to pixels aligned in the main scanning direction. In 
FIG. 3, it is apparent that the moire occurs in the output 
image. 

In an image processing apparatus, a smoothing pro- 
cess is performed for filtering of an image signal, and 
the MTF correction process is performed for sharpen- 
ing an edge portion of an image or intensifying an edge 
portion thereof. It is known that the occurrence of the 
moire is reduced to a certain extent if the smoothing 
process is performed with respect to a local region of an 
image. However, there is a problem in that, if the 
smoothing process is performed for a composite image 
where a dot area such as a dot photograph and a line 



337,162 

2 

area such as a character coexist, the line area conversely 
becomes dim or blurs in the output image due to the 
smoothing process, thus degrading the picture quality. 
Moreover, it is known that the moire is also intensified 
5 in the output image if the MTF correction process is 
performed. Thus, it is desirable to prevent the moire 
from occurring in the output image even when the 
MTF correction process is performed. 

10 SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide an improved image processing 
apparatus in which the above described problems are 
eliminated. 

15 Another, more specific object of the present inven- 
tion is to provide an image processing apparatus in 
which the moire is effectively prevented from occur- 
ring in an output image reproduced from a screened 
halftone area of an original image. Still another object 
of the present invention is to provide an image process- 
ing apparatus in which the occurrence of the moire in 
the output image is effectively reduced without seri- 
ously degrading the image quality. The above men- 
25 tioned objects of the present invention are achieved by 
an image processing apparatus in which a multilevel 
image signal generated from an original image by means 
of a scanner is input and processed so as to produce 
multilevel image data describing a gray level of each 
30 pixel of an output image, which image processing appa- 
ratus including a detection part for repeatedly detecting 
a peak of the multilevel image signal and a valley 
thereof with respect to pixels of the original image 
aligned in a scanning direction of the scanner, and for 
35 outputting the detected peak of the multilevel image 
signal and the detected valley thereof, and a correction 
part for correcting a gray level of the multilevel image 
data with respect to each of the pixels depending on a 
difference between the peak and the valley output by 
40 the detection part, so as to reduce changes in gray level 
of pixels of the output image. According to the present 
invention, it is possible to effectively prevent the occur- 
rence of the moire in an image reproduced from a 
screened halftone area of an original image. Also, it is 
45 possible to stably reduce the occurrence of the moire in 
the output image without seriously degrading the image 
quality. A moire correction process according to the 
present invention is performed when a screened half- 
tone area is detected. When a non-screened halftone 
50 area is detected the moire correction process is not 
performed, thus causing no undesired influence on the 
output image. 

Other objects and further features of the present in- 
vention will become more apparent from the following 
55 detailed description when read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram for explaining the occurrence of 
60 the moire due to interference between a sampling fre- 
quency and a dot frequency; 

FIG. 2 is a diagram showing image data after the 
MTF correction is performed for an image signal gener- 
ated from a dot image of uniform dot density; 

FIG. 3 is a diagram showing an undesired gray level 
pattern of an image signal generated by a scanner, the 
amplitude of this signal periodically changing in a scan- 
ning direction of the scanner; 
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FIG. 4 is a view showing a digital copier to which the The printer 300 is a laser beam printer performing an 

present invention is applied; electrophotographic process to output a copied image 

FIG. 5 is a block diagram showing the functional onto a copy sheet at a dot density of 400 dpi in accor- 

construction of the digital copier of FIG. 4; dance with the data supplied by the image processor 

FIG. 6 is a diagram showing a first embodiment of a 5 200. A controller 400 controls the operation sequence of 

correction part of the present invention; the scanner 100, the image processor 200 and the printer 

FIG. 7 is a time chart for explaining operations per- 300. 

formed by the correction part of FIG. 6; FIG. 6 shows a first embodiment of a correction part 

FIG. 8 is a chart for explaining the result of a moire 250 provided in the image processor 200 of FIG. 5, and 

correction process performed by the correction part of 10 this correction part 250 performs the moire correction 

FIG. 6; process in which the occurrence of the moire is reduced 

FIG. 9 is a diagram showing a second embodiment of in an image indicated by an output signal Dout. A signal 

the correction part according to the present invention; Din indicating image data supplied by the scanner 100 

FIG. 10 is a diagram showing a third embodiment of and a clock signal CK are input to this correction part 

the correction part according to the present invention; 15 250, and the signal Dout indicating image data after the 

and moire correction process. In FIG. 6, this correction part 

FIG. 11 is a diagram showing a peak detector pro- 250 includes four latch circuits 201, 202, 203, 204, two 

vided in the image processing apparatus of the present comparators 205, 206, three AND circuits 207, 208, 209, 

invention. two 6-bit shift registers 210, 211, two 6-input OR cir- 

DESCRIPTION OF THE PREFERRED 20 g* a Subtracter 214 ' *nd a ROM (read only 

EMBODIMENTS Each of the latch circuits 201 through 204 has a port 

A description will now be given of an embodiment of to which the clock signal CK is input, a port D to which 

an image processing apparatus according to the present a data signal is input, and a port Q from which a data 

invention, with reference to FIGS. 4 and 5. FIG. 4 25 signal is output. Two successive pixels indicated by the 

shows a digital copier 10 to which the image processing signals DO and Dl are temporarily stored in the latch 

apparatus of the invention is applied. This digital copier circuits 201 and 202 in synchronism with the clock 

10 includes a document platform 20. In this digital signal CK being supplied to the latch circuits. Each of 

copier 10, a document (not shown) being placed in the the latch circuits 203 and 204 has a synch port to which 

document platform 20 is scanned by a line sensor (not 30 a synch signal described below is supplied, and a reset 

shown) so as to produce an image described by a num- port R to which a reset signal described below is sup- 

ber of picture elements having a dot density of 400 dpi plied. 

from an original image of the document The scanning Each of the comparators 205 and 206 compares a 
of the document is photoelectrically performed by the value of data input to its port P with a value of data 
line sensor in a main scanning direction, the line sensor 35 input to its port Q. The comparator 205 outputs either a 
having charge-coupled devices (CCDs) aligned in the 1-bit high-level signal "a" when P>Q or a 1-bit high- 
main scanning direction. Since the line sensor is auto- level signal "b" when P^Q. The comparator 206 out- 
matically moved- in relation to the document in a sub puts either a 1-bit high-level signal "c" when P=Q, or 
scanning direction perpendicular to the main scanning a 1-bit high-level signal "d" when P>Q. The subtracter 
direction, the document is also scanned in this sub scan- 40 214 receives 6-bit data input to its ports A and B, and 
ning direction due to the relative movement of the line outputs a 4-bit data, indicated by four higher-order bits 
sensor and the document. of difference data "A - B" between the two 6-bit input 
FIG. 5 shows the construction of the digital copier 10 data, from its port (A - B). The ROM 216 stores a set of 
in which a copied image is generated from an original prescribed correction data, and outputs 6-bit data of 
image of a document In FIG. 5, a scanner 100 includes 45 such prescribed correction data from its port D in ac- 
the line sensor described above, an amplifier, and an cordance with address data being indicated by address 
AD converter. An image signal indicating pixels is gen- signals input to ports AO through All. In FIG. 6, the 
erated from the original image by the CCD line sensor signals D(-l), DO, Dl, D2, D3 and D5 indicate 6-bit 
of the scanner 100, this image signal is amplified by the illuminance data (representing 64 gray levels of each 
amplifier, and it is converted into a digital signal by the 50 pixel), the signal D4 indicate 4-bit address data, and the 
AD converter. Each pixel indicated by the image signal signals "a", **b", "c", . . . , "k" indicate 1-bit data, re- 
is quantized in the scanner 100, and 6-bit data of each spectively. 

pixel representing 0th through 63rd gray levels (a total The comparators 205 and 206, and the AND circuit 

of 64 levels) is supplied to an image processor 200. 207 constitute a peak detector for detecting a peak of an 

After the image signal is received from the scanner 55 image signal. When the image signal DO indicates a 

100, an image processor 200 performs several processes, value of the peak of the image signal, the AND circuit 

including a black and white process, a shading correc- 207 outputs a signal *'e" at high level "1" to the shift 

tion process, and an MTF (modulation transfer func- register 210. The comparators 205 and 206, and the 

tion) correction process. In the black and white process, AND circuit 208 constitutes a valley detector for de- 

a white pixel is transformed into the 0th gray level, and 60 tec ting a valley of an image signal. When the image 

a black pixel is transformed into the 63rd gray level. In signal DO indicates a value of the valley of the image 

addition to the above processes, the image processor signal, the AND circuit 208 outputs a signal "f at high 

200 performs a correction process in which the occur- level "1" to the shift register 211. 

rence of the moire is prevented in an output image The shift register 210 and the OR circuit 212 consti- 

indicated by the image data. According to the present 65 tute a first delay circuit, and the shift register 211 and 

invention, image data for which the above correction the OR circuit 213 constitute a second delay circuit, 

process is performed is supplied by the image processor The first delay circuit outputs a signal "i" at high level 

200 to a printer 300. "1" to the AND circuit 209 when a peak level is de- 
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tected in six successive pixels of image data adjacent to The 4-bit data supplied by the subtracter 214 indicates 
the target pixel. The signal "e" is repeatedly supplied to a value of the difference between the peak value and the 
the shift register 210 for a time period during which valley value (D4=A - B=D2 - D3). This value D4 of 
signals corresponding to the six successive pixels are the difference between the peak and valley values rep- 
supplied to the OR circuit 212. The second delay circuit 5 resents a peak-to-peak amplitude of the image signal. A 
outputs a signal M j" at high level "1" to the AND circuit set of output data predetermined in accordance with the 
209 when a valley level is detected in the six successive value D4 of the peak difference, which data is a func- 
pixels of image data adjacent to the target pixel. The tion of the data input to the ports A6 to A9, is stored in 
signal "P is repeatedly supplied to the shift register 211 the ROM 215. Thus, the correction part 250 outputs the 
for a time period during which signals corresponding to 10 signal Dout, indicating image data after the moire cor- 
the six successive pixels are supplied to the OR circuit rection process is performed, from the ROM 215 in 
2 *3. accordance with the signal applied to the ports A6 to 

Therefore, the AND circuit 209 outputs a signal "k" A9. In order to decrease the required storage capacity, 
at high level "1" when either the signal "i" at high level the ROM 215 outputs only the 4-bit data indicated by 
"1" or the signal M j" at high level "1" is received. In 15 four higher-order bits of the difference data "A-B". 
other words, if either the peak value or the valley value The difference data D4 indicating zero value "0" is 
appears in the six successive pixels, the AND circuit 209 ai wa y S output from the ROM 215 when the value of the 
outputs the-signal "k" at high level "1". This signal "k» peak difference (A-B) is smaller than zero (D4=0 
serves to indicate an effective time period during which when A— B <0). 

the moire correction process is performed. When the 20 A of correction data D, being predetermined as a 
signal V at high level "1" is output, it is allowed to fanct^ of ^ image data Dl, input to the lower-order 
perform the moire correction process. On the other address ports AO to A5 of the memory 215 and as a 
hand, when the ^signal "k» at low level "0" is output, the fa^on of ^ ^ D4> ^ to ^ mgher -order 
latch circuits 203 and 204 are reset to zero, and the address ports A6 to A9 fc^f, is stored in the ROM 
mojre correction process is not performed. The signal 25 2 is. In addition, the signal "g" is supplied to the port 
at high level "1" is not likely to occur when an A10 c f the memory 215, and the signal <V* is supplied 
image processing with respect to the line area such as a to the port All thereof. The correction data D is also a 
character is performed for a time period during which of ^ levels of ^ « » ^ Genfir . 

signals corresponding to six successive pixels are sup- ^ y ±t wrrection ^ D> stored m ±e ROM 215, is 
plied to the OR circuit 212 or 213. The sijmal "k» at 30 repr esented as the function of Dl, D4, g, and h, as fol- 
high level T* is stably and easily generated when an i ows 
image processing with respect to the dot area such as a 

dot photograph is performed for a time period during d=f (di, D4, g, h) (l) 

which signals corresponding to six successive pixels are 
supplied to the OR circuit 212 or 213. 35 

The latch circuit 203 is a peak storage device for in this formula, the signal "g" provides information 
storing the signal Dl in synchronism with a signal "g" as to whether or not the address signal Dl (input to the 
received from the shift register 210. The latch circuit memory ports AO to A6) corresponds with the peak 
204 is a valley storage device for storing the signal DO level of the image data, and the signal "h" provide 
in synchronism with a signal "h" received from the shift 40 information as to whether or not the address signal Dl 
register 211. As described above, the signal "e" at high corresponds with the valley level of the image data. In 
level "1" or the signal T at high level "1" occurs when the present embodiment, the signal D5 (=Dout) after 
the signal DO indicates a value of the peak of the image the moire correction process is performed with respect 
signal or a value of the valley thereof, respectively. to the signal Dl is generated from the ROM 215 only 
Thus, the signal "g" at high level "1" is supplied to the 45 wn en either the signal "g" at high level "1* or the signal 
latch circuit 203 when the signal Dl indicates a value of « n " at high level "1" is input to the ROM 215. The set 
the peak of the image signal, and when the signal Dl of prescribed correction data, derived from a correction 
indicates a value of the valley of the image data, the function described below, is stored in the ROM 215. 
signal "h" at high level "1" is supplied to the latch The output signal Dout of the correction part 250 of 
circuit 204. In addition, the above described signal "k" 50 the present invention is represented by the following 
is supplied to a reset port R of each of the circuits 203 formula, by assuming in the above formula (1) that 
and 204. When the signal "k" at high level "1" is re- D=D5=Dout, Dl=Din, g=e, h=f, and D4=D2 - 
' ceived, the corresponding latch circuit performs the D3=dp (dp: a peak-to-peak amplitude of image data): 
signal storage action, and the corresponding latch cir- 
cuit is reset to zero when the signal "k" at low level **0" 55 Dout=F (Din, dp, e, 0 (2) 
is received. When the latch circuits 203 and 204 are 

reset, neither the peak value nor the valley value is More specifically, in the present embodiment, the fol- 
stored in the circuits 203 and 204 (D2="0", D3="0"). lowing correction functions a) through c) are used. 
In this case, the subtracter 214 outputs the 4-bit data a) Dout = Din +64 /(dp-f 8). when Din =8, dp ^4, 
(D4=A - B=D2 - D3="0") to the ROM 215. When 60 e=l 

the 4-bit data D4 indicating zero value is received at the b) Dout = Din — 64 /(dp + 8) when Din ^56, dp ^ 4, 
ports A6 to A9, the ROM 215 supplies the signal D5 f= 1 

indicating the data indicated by the signal Dl from the c) Dout = Din when Din, dp, e and fare in conditions 
output port. Thus, when the signal "k" at low level "0" other than in a) and b) above (3) 

is supplied as the reset signal, the input image signal is 65 FIG. 7 shows the operations performed by the cor- 
not subjected to the moire correction process and the rection part 250 of FIG. 6. The output signal Dout=D5 
output signal Dout with no correction is supplied to the is generated from the input signal Din=D(— 1) as the 
printer 300. result of the moire correction process performed by the 
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correction part 250. As shown in FIG. 7, the peak val- tude with respect to the sub scanning direction, or de- 
oes of the input image signal are converted into those of pending on the peak-to-peak amplitude with respect to 
the output image signal in accordance with the value of both the main scanning direction and the sub scanning 
the peak-to-peak amplitude of image data indicated by direction. 

successive pixels adjacent to the target pixel. 5 Next, a description will be given of a second embodi- 
FIG. 8 shows the result of the moire correction pro- ment of the correction part according to the present 

cess performed by the correction part 250. As shown in invention, with reference to FIG. 9. FIG. 9 shows a 

FIG. 8, the input image signal Din, obtained by the correction part 250 provided with an area detector 217. 

scanner 100 from a screened halftone area of an original in FIG. 9, the components of this correction part 250 

image, has a gray level pattern ("Din Peak Envelope") 10 are essentially the same as those of the correction part 

whose amplitude periodically changes in the main scan- 250 shown in FIG. 6 except that a different ROM 216 is 

ning direction, as indicated by a solid line of FIG. 8 prov ided therein. In addition to the ROM 215 shown in 

("Dm Peak Envelope"). Such changes in the input nG . 6> ^ ROM 216 f^,. mdudes m address ^, rt 

mage signal will result in undesired moire patterns in A12 to which a signal "1" is supplied by the area detec- 

the output image. On the other hand, the output image 15 tor 2ir ^ ^ m t ^ signal Din * reC eived 

signal Dout generated through the moire correction from ^ line ^ ^ m detector m djJtects 

process of the present invention, shows a relatively whether or no( ^ ^ b ^ si ^ Djn fc 

small change in the gray level of the image date in the mcluded m a ^ of „ ^ 

m ^^ mng ,^^ >n ' ^^f^byadot^uneof If ^ ^ mdicated b ^ ^^part of 

^ < PeakEnvdope").Thepeak values of die 20 £ ^ e M ^ ^ 

input signal Dm are corrected depending on the value ,«„ • ♦ „ + _ f . ^ . - --JT T - 

, . , , „ j „ a1 _ , „.«_ • 1 is input to the port A 12 of the memory 216. If the 

of the peak-to-peak amplitude "dp" through the moire ■ « . J % . , « *L , ~. . * ^ * 

5 • * — , K ii M it. • * , f pixel mdicated by the signal Dm is not a part of the 

correction process. The smaller the magnitude of the ^ reened halftone area thtXnal "1- at low level «0» * 

peak-to-peak amplitude is, the greater the correction screened J^tone area, the signal 1 at low level 0 is 

amount between the peak value of the input signal and 25 ?*? ♦ v P ♦ Z • 5^ ^ em ~ 

the corrected peak valueof the output signal is. Inother ^f nt ' a ^own techiuque of screene^ halftone area 

words, the correction amount is in inverse proportion to ^ tectlon 18 use <H ?uch a techmque is the subject of a 

the value of the peak difference (the peak-to-peak am- transac / ? on entltle l "Segmentation Method for Docu- 

plitude) between the peak value and the valley value of ^ n ™S Text, Screened Halftone, Continuous 

the input signal Din. Since an output image such as a 30 Halfone" (S Ohuchi et al ) issued on Jul. 27, 1990 by 

copied image is reproduced depending on the output ^tute of Electronics, InfonnaUon Processing and 

signal Dout, the moire is elinnnated in the output image. Communication Society of Japan. 

In the first embodiment, the moire correction process ^ " r at ^ level is received at 

is performed depending on the value of the peak differ- ^ P ort A12 » ^ ROM 216 supplies 311 output signal 

ence of the input signal, and it is possible to reduce the 35 Dout m accordance with the above mentioned formula 

occurrence of the moire in the output image without < 2 > (Dout-F (Din, dp, e, f)). When the signal "1" at low 

seriously damaging the appearance of the output image. level "°" is received at the port A12, the ROM 216 

Also, in the first-embodiment, the effective time period supplies an output signal Dout without performing the 

for performing the moire correction process is preset in moire correction process (Dout=Dm). In the ROM 

order to inininikeundeskedin^^ 40 21 *> me prescribed correction data according to the 

the output image due to the moire correction being formula (2) is stored at the corresponding address when 

performed with respect to the screened halftone area of ^ P ort A12="l", and the data (Dout = Din) is stored 

the input image. Thus, the occurrence of the moire in at toe corresponding address when the port A12="0"« 

the output image is effectively prevented. Thus, in this embodiment, it is possible that, only when 

In the above mentioned embodiment, the formula (3) 45 a screened halftone area of an original image is detected 
is used as the moire correction function to define what DV & e a*©* detector 217, the correction part 250 per- 
is represented by the output signal Dout, but the present forms the moire correction process, and that it does not 
invention is not limited to this embodiment. For exam- perform the same process when a non-screened halftone 
pie, area (or, an area of a different kind) is detected. 

a) Dout=Din+(A— dp/2) when Din ^10, dp>6, 50 In a case where me above described moire correction 
e= 1 process is performed for all the areas of the original 

b) Dout=Din— (A— dp/2) when Din>52, dp ^6, image, unnecessary data correction processing is per- 
f = 1 formed for a non-screened halftone area of an original 

c) Dout = Din when Din, dp, e and f are in conditions image, thereby degrading the quality of the reproduced 
other than in a) and b) above (4) 55 image. According to the second embodiment, it is possi- 

may be used instead of the formulas (3) above. In the ble to effectively reduce the occurrence of the moire in 

formulas (4), A is a predetermined coefficient. the reproduced image without seriously degrading the 

In addition, it is also possible that the value of the quality of the reproduced image because the moire 

input image signal is corrected depending on the value correction process is performed only for the screened 

of a difference between a peak level and the average 60 halftone area. 

with respect to gray levels of pixels in a local area of the In the second embodiment, the performance of the 

original image, or depending on the value of a differ- moire correction process by the correction part is deter- 

ence between a peak level and a local smoothing value. rnined depending on the level of the signal "1" supplied 

In the first embodiment, the image data is corrected by the area detector. However, the present invention is 

depending on the peak-to-peak amplitude with respect 65 not limited to this embodiment. It is also possible that 

to a set of pixels aligned in the main scanning direction. the performance of the above process be determined 

However, it is also possible that the image data correc- depending on the gray level of the image data, and also 

tion is performed depending on the peak-to-peak ampli- possible that the performance of the above process be 
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determined by an operator's instruction manually given words, when both the gray level difference between a 
from an operation part first pixel and a second pixel and the gray level differ- 
Next, a description will be given of a third embodi- ence between a second pixel and a third pixel are higher 
ment of the correction part according to the present than the reference value, a peak of the image signal is 
invention, with reference to FIG. 10. FIG. 10 shows a 5 detected. Thus, the accuracy of detecting the peak of 
correction part 250 provided with an average part 219. the image signal is improved. The valley detector has 
In FIG. 10, the components of the correction part 250 features similar to those of the peak detector described 
are essentially the same as those of the correction part above, a description thereof being omitted. 
250 shown in FIG. 5 except that a different ROM 218 is Further, the present invention is not limited to the 
provided therein. This ROM 218 includes address ports 10 above described embodiments, and variations and modi- 
AO to A5 to which a signal Dm is supplied by the aver- fications may be made without departing from the 
age part 219. The average part 219 of this embodiment scope of ^ present invention, 
calculates an average value of gray levels of a set of six wha t ^ claimed & 

mx^ ^^^m^p^ scanning direction L An image processing apparatus in which a multi- 

and outputs a 6-bit signal Dm indicating the calculated 15 level . sigQal generated from an original image by 

S* 10 ^•% addr ^ POrt f i° t0 t S f ^ means of a scanner is input and processed so as to pro- 
ROM 218. In the third embodiment the peak value of duce a ^ of multil evel image data describing a £ay 
the input image signal is corrected depending on the level ofeach ^ ofan output image, said image pro- 
magnitude of the peak-to-peak amplitude and on the .„ - *. 6 6 F 
average value mdicated b^the Dm. THe smaller the 20 T^t1nn^^™ft^i h t * 
magnitude of the peak-to-peak amphtude, the greater repeatedly detectmg a peak of 
the correction amount between the peak value of the Su^ES? ^ ***** 
input image signal and the corrected^ value of the ™ th reSpeCt * P«* of *f on ^ ^agf ahgned 
output image Mgnal. In other wordf^e correction m a ^ sca T n S °f ^ *?T^ f d ^ ° Ut " 
amount is in inverse proportion to the value of the dif- 25 P uttm S ^Tl^^ ,f m ^ evel raa S e 
ference (the peak-to-peak amplitude) between the peak md *** d ? ected yah ^ ih&rQof '' , c ^ 
value and the valley value in the input image. In the correction means for correcting a gray level of the 
third embodiment, in order to effectively reduce the multilevel image data with respect to each of said 
occurrence of the moire in the output image, the moire depending on a difference between the peak 
correction process is performed by using 30 md vaUe y out P ut b ? ^ te^Hon means, so as 

a) Dout=Dm-f (A-dp/2) when Dml 10, dp 6 t e= 1 t0 reduce chan Ses in gray level of pixels of the 

b) Dout=Dm-(A-dp/2) when Dm ^52, dp ^6, ? ut P ut md 

f = 2 delay means for delaying the output of the detected 

c) Dout=Dm when Dm, dp, e and fare in conditions and valle y °y ^ detection means until a 
other than in a) and b) above (5) 35 prescribed number of pixels aligned in the scanning 

In the formulas (5) above, A is a predetermined coeffici- direction is received by said delay means, 

ent. 2. An image processing apparatus according to claim 

Next, a description will be given of another peak 1. wherein an amount of the correction of the gray level 

detector in the image processor with reference to FIG. ^ said correction means is in inverse proportion to a 

11, instead of the peak and valley detectors of FIG. 6. 40 value of ^ difference between the detected peak and 

FIG. 11 shows a peak detector including four subtract- ^ detected valley. 

ers 220, 221, 225, 226, four comparators 222, 223, 227, 3 - ^ processing apparatus according to claim 
228, and two AND circuits 224, 229. The other con- wherein said correction means decreases a gray level 
struction of the correction part in this embodiment is °f the multilevel image data with respect to a corre- 
the same as that of the correction part 250 of FIG. 6, 45 sponding pixel when a valley of the multilevel image 
and the corresponding parts of the correction part are signal is detected within a prescribed number of pixels 
designated by the same reference numerals. °f th® original image aligned in the scanning direction, 
In FIG. 11, the subtracters 220 and 221, the compara- aad when a peak of the multilevel image signal is de- 
tors 222 and 223, and the AND circuit 224 constitute a tected within the prescribed number of the pixels said 
peak detector for detecting a peak of an image signal, 50 correction means increases a gray level of the multilevel 
while the subtracters 225 and 226, the comparators 227 image data with respect to a corresponding pixel, thus 
and 228, and the AND circuit 229 constitute a valley reducing changes in gray level of pixels of the output 
detector for detecting a valley of an image signal. In the image. 

peak detector, the subtracter 220 outputs a signal D6 4. An image processing apparatus according to claim 

indicating a difference in gray level between two sue- 55 1» wherein a gray level of the multilevel image data is 

cessive pixels indicated by signals DO and Dl (D6=D0 corrected by said correction means depending on the 

— Dl), and the subtracter 221 outputs a signal D7 indi- difference between a peak of the multilevel signal and a 

eating a difference in gray level between two pixels valley thereof only when both the peak and the valley 

indicated by signals DO and D(— l)(D7=Do— D(— 1)). are detected by said detection means within a pre- 

The comparator 222 compares a value of data indicated 60 scribed number of pixels of the original image aligned in 

by the signal D6 with a prescribed reference value Db, the scanning direction. 

and outputs a signal at high level "1" to the AND cir- 5. An image processing apparatus according to claim 

cuit 224 when D6>Db. Similarly, the comparator 223 1, wherein said correction means does not correct a 

outputs a signal at high level "1" to the AND circuit gray level of the multilevel image signal either when no 

224 when D7>Db. The AND circuit 224 outputs the 65 peak is detected by said detection means within a pre- 

signal M e" at high level "1" to the shift register 210 scribed number of pixels of the original image aligned in 

when D6>Db and D7>Db, the signal "e" at high level the scanning direction or when no valley is detected 

"1" indicating that the peak level is detected. In other within the prescribed number of the pixels. 
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6. An image processing apparatus according to claim 
1, further comprising control means for allowing said 
correction means to correct a gray level of the multi- 
level image data only when both the peak and the valley 
are detected by said detection means within a pre- 5 
scribed number of pixels of the original image aligned in 
the scanning direction. 

7. An image processing apparatus according to claim 
6, wherein said control means makes said correction 
means unable to correct the gray level of the multilevel 10 
image data either when no peak of the multilevel image 
signal is detected within the prescribed number of the 
pixels or when no valley thereof is detected within the 
prescribed number of the pixels. 

8. An image processing apparatus according to claim 15 
1, further comprising control means for allowing said 
correction means to correct a gray level of the multi- 
level image data for a time period during which the 
outputting of the detected peak and valley is delayed by 
said delay means. 20 

9. An image processing apparatus according to claim 
1, further comprising storage means for temporarily 
storing values of the detected peak and valley output by 
said detection means until a new peak of said multilevel 
image signal detected by said detection means and a 25 
new valley thereof are received from said detection 
means. 

10. An image processing apparatus according to 
claim 1, further comprising area detection means, cou- 
pled to said correction means, for detecting whether or 30 
not a screened halftone area of the original image is 
represented by the multilevel image signal, and control 
means for allowing said correction means to correct a 
gray level of the multilevel image data when it is de- 
tected that the screened halftone area is represented by 35 
the multilevel image signal. 

11. An image processing apparatus according to 
claim 1, further comprising average means, coupled to 
said correction means, for supplying an average of gray 
levels with respect to a number of pixels adjacent to a 40 
pixel corresponding to either the peak or the valley 
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detected by said detection means, wherein said correc- 
tion means corrects a gray level of the multilevel image 
data depending on the difference between the peak and 
the valley output by said detection means and depend- 
ing on the average of gray levels supplied by said aver- 
age means, so as to reduce changes in gray level of 
pixels of the output image. 

12. An image processing apparatus according to 
claim 11, wherein an amount of the correction by said 
correction means is in inverse proportion to a value of 
the difference between the peak of the multilevel image 
signal and the valley thereof. 

13. An image processing apparatus in which a multi- 
level image signal generated from an original image by 
a scanner is input and processed so as to produce multi- 
level image data describing a gray level of each pixel of 
an output image, said image processing apparatus com- 
prising: 

detection means for repeatedly detecting a peak of 
said multilevel image signal with respect to pixels 
of the original image aligned in a scanning direc- 
tion of the scanner, and for outputting the peak of 
said multilevel image signal; 

delay means for delaying said outputting of said peak 
by said detection means until a prescribed number 
of pixels aligned in the scanning direction is re- 
ceived by said delay means; 

storage means for temporarily storing a value of a 
peak previously output by said detection means 
until a new peak of said multilevel image signal 
currently detected by said detection means is re* 
ceived; and 

correction means for correcting a gray level of the 
multilevel image data corresponding to the new 
peak of the multilevel image signal depending on 
said previous peak stored in said storage means and 
depending on said new peak output by said detec- 
tion means, so as to reduce changes in gray level of 
pixels of the output image. 

***** 
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